Objective: This research was designed to test the hypothesis that presurgery "catastrophizing" would predict postsurgical pain and postsurgical analgesic consumption.
T he number of surgeries being performed on an ambulatory basis continues to increase, both in absolute numbers, and in the spectrum of operations performed. 1 Pain is one of the leading complications of ambulatory surgery. 2 It is also the most common cause of delayed discharge from hospital and reduced activity level after discharge. 3 Although there is some correlation of pain severity with the type of operation performed, there is considerable variability in the pain reported even in response to a single type of operation, where presumably the surgical stimulus is relatively uniform. 4 This led us to question whether emotional or cognitive factors, in addition to physiologic factors, might play an important role in the severity of pain reported after surgery.
Recent research has shown that psychologic variables can impact significantly on pain experience. [5] [6] [7] [8] Pain catastrophizing has been identified as one of the strongest psychologic predictors of pain. 9 Pain catastrophizing has been defined as "an exaggerated negative mental set brought to bear during actual or anticipated painful experience." Catastrophizing is viewed as comprising three separate but related dimensions: rumination ("I can't stop thinking about how much it hurts"), magnification ("I'm afraid that something serious might happen"), and helplessness ("There is nothing I can do to reduce the intensity of the pain). 10 A relationship between catastrophizing and subjective pain report has been demonstrated in experimental pain models and in several clinical populations. [8] [9] [10] Catastrophizing has also been shown to be associated with emotional distress states such as anxiety and depression, [12] [13] [14] analgesic intake, 15 duration of hospitalization, 16 and occupational disability. 11, 17 The bulk of clinical research addressing the relationship between catastrophizing and pain has been cross-sectional in design. As such, it has not been possible to make strong statements about the "causal" or "predictive" value of catastrophizing. Although many investigators have postulated a causal relationship, it is possible that catastrophizing, measured after initiation of pain, may be a response as opposed to a cause of heightened pain.
The role of catastrophizing in predicting pain after surgery has not been examined. Demonstration of a clinically significant relationship between catastrophizing and postsurgical pain could have significant clinical implications. Screening measures of catastrophizing might then alert physicians to in-dividuals likely to require and benefit from more aggressive strategies to treat or prevent postoperative pain.
Accordingly, this study was undertaken to determine the significance of catastrophizing as a predictor of postoperative pain. Patients undergoing anterior cruciate ligament (ACL) repair were asked to complete a measure of catastrophizing prior to surgery and provide ratings of their pain and analgesic intake for 7 days after surgery. Based on previous findings, the prediction was that presurgery catastrophizing would predict postsurgical pain and possibly analgesic consumption.
MATERIALS AND METHODS

Subjects
This study was approved by the institutional review board at the University of Washington School of Medicine, and all patients gave informed consent to participate. Consecutive patients, age 18 to 75 years, presenting for ACL repair by 1 of 2 surgeons were solicited for study participation (when technical support was available). Forty-eight patients were studied; patients with a known history of drug or alcohol abuse in the preceding 3 months were excluded.
Measures
Catastrophizing
The Pain Catastrophizing Scale (PCS) is a 13-item measure of catastrophic thinking associated with pain. 10 Participants rate how frequently they experience each of 13 thoughts or feelings when they are in pain. Ratings are made on 5-point scales with the end points 0 = not at all and 4 = all the time. The PCS yields a total score and 3 subscale scores assessing rumination, magnification, and helplessness. The PCS subscales have been shown to have adequate to high internal consistency (Cronbach alphas: total PCS = 0.87, rumination = 0.87, magnification = 0.66, and helplessness = 0.78).
Pain and Satisfaction With Analgesia
Patients were asked to provide pain ratings on an 11point Likert-type scale with the endpoints 0 = no pain and 10 = worst pain imaginable. This scale was chosen because it has been reported to provide sensitivity comparable to other commonly used measures of pain 18 and because it can be used in verbal form over the telephone. Pain was rated at 15-minute intervals immediately after surgery while in the postanesthetic care unit (PACU) until discharged to an overnight stay unit in the hospital. The highest score was designated as "maximum pain" in the PACU. The "duration of pain >3/10" was obtained by adding the number of 15-minute epochs in which a pain score exceeded 3/10, multiplied by 15. This served as an approximate measure (±15 minutes) of the amount of time that patients experienced moderate to severe pain (>3/10) and has previously been found to correlate with total duration of analgesic therapy in a recovery unit (r = 0.71, P < 0.0001). 4 The categorization of pain >3/10 as moderate to severe was based on an analysis of interference with function by "general pain" in patients with acquired amputation. 19 In that study, the upper limit of mild pain was reported as >3 for general pain, or > 4 for phantom limb pain or back pain. Serlin et al 20 reported similar transitions (>4 and >7) for mild to moderate and moderate to severe pain in patients with malignancies. In our recovery unit, nurses tend to medicate patients for pain scores that exceed 3.
After discharge from the PACU, patients were asked to provide a pain rating (0-10) for the most severe pain experienced in the preceding 24-hour period (maximum pain), at 24 hours, 48 hours, and 7 days after surgery. Maximum pain scores were chosen as the primary end point of the study because we had previously observed the distribution of "maximum pain" scores was approximately normal and because maximum pain correlated with analgesic use and duration of recovery. 4 Use of pain scores at specific time intervals as a primary end point (ie, at 15 minutes, 30 minutes, etc.) was considered less desirable because of variability in the speed of recovery from general anesthesia that temporarily tends to mask painful sensations. As a result, the time to achieve "maximum pain" varied between patients. Use of group mean pain ratings at specific time intervals would have underestimated the severity of maximum pain. Other pain scores that were obtained on an exploratory basis included least severe pain, pain on rising to a standing position, and pain on walking.
Similar 11-point scales were used to evaluate satisfaction with analgesia in the hospital and after discharge and with the overall recovery process. Patients were asked to: "Please rate your satisfaction with pain control while in hospital (or after discharge) on a scale of 0 to 10 where 10 = as satisfied as you could possibly be, and 0 = as dissatisfied as you could possibly be." Assessments were made at 48 hours and 7 days. 
Medication Consumption
Postoperatively, patients received a variety of analgesics for pain. To permit quantifying analgesic use given the multiplicity of drugs used, we estimated equivalent analgesic doses for each analgesic using data in the medical literature. For nonsteroidal anti-inflammatory drugs (NSAIDs), the following drugs/doses were considered equivalent: aspirin 650 mg = acetaminophen 650 mg = ibuprofen 200 mg = naproxen 125 mg. 21, 22 We assumed an approximate duration of 6 hours for aspirin, acetaminophen, and ibuprofen and 12 hours for naproxen. For opioids, we assumed the following equivalences/24-hour period: morphine 1 mg = OxyContin® 1.3 mg = oxycodone 1.3 mg = hydrocodone 1.16 mg. 23, 24 For combined opioid and NSAID equivalent doses, we assumed aspirin 650 mg = oxycodone 6.7 mg = hydrocodone 7.5 mg and made appropriate conversions of other drugs. For ketorolac, we assumed ketorolac 30 mg = morphine 4 mg. 25 Where combination drugs were used (i.e., Percocet®), drugs were partitioned into constituent components for computation of equivalent dose.
The relationship of catastrophizing to analgesic dose was explored using equivalent opioid or NSAID dose alone 
Procedure
Upon arrival at the hospital, prior to anesthesia, patients were asked to complete the PCS. Surgery was performed under general (n = 41) or spinal anesthesia (n = 7). General anesthesia was induced by propofol and maintained using a balanced technique consisting of sevoflurane or desflurane (with or without nitrous oxide) and fentanyl. At the end of surgery, patients received ketorolac 15 to 30 mg by surgeon's request to prevent swelling. After surgery, patients were transferred to a PACU where they received fentanyl in 25 µg increments and/or morphine in 2 mg increments for pain at the nurses' discretion in an attempt to reduce the subjective pain report to a score of 3 or less, which is the routine in our PACU. Subsequently, analgesia was provided by morphine intravenously or by OxyContin®, oxycodone, or Percocet® by mouth. In addition, patients received NSAIDs. All patients were discharged the following morning with a prescription for an opioid and an NSAID, with instructions to use the NSAID regularly to prevent swelling and the opioid as necessary to control pain.
Patients were interviewed before discharge at approximately 24 hours after surgery and asked to provide an estimate of their worst pain since leaving the PACU; analgesic use was obtained from the medical record for the same period. At 48 hours and at 7 days, they were interviewed by phone and again asked to provide estimates of pain, recall their analgesic use in the preceding 24 hours, and rate their satisfaction with pain control.
RESULTS
A total of 48 patients participated in the study, 27 males and 21 females. The demographic characteristics of patients are shown in Table 1 . The majority of patients had taken no opioids (95%) or NSAIDs (65%) in the week prior to surgery. Pain scores, analgesic use, and catastrophizing scores are displayed in Table 2 . There were no sex differences in pain ratings. Gender differences were observed for the catastrophizing subscales. Consistent with previous research, 9 women scored higher than men on the total PCS (P < 0.01) and on the rumination (P < .05) and helplessness subscales (P < 0.01).
Catastrophizing and Pain
Pearson correlations between total PCS or catastrophizing subscales and maximum pain scores at various time intervals are presented in Table 3 . Catastrophizing, assessed prior to surgery, was a significant predictor of initial pain ratings (PACU maximum) after surgery (r = 0.48, P < 0.004) and approached significance for length of time that pain ratings exceeded 3/10 in the PACU (r = 0.30, P < 0.06). The relationship between PCS and duration of pain >3 was significant for women (r = 0.72, P = 0.001) but not for men (r = 0.20, P = 0.3). The relationship between catastrophizing and maximum pain in PACU remained significant even after controlling for age, sex, and surgery duration [F(change) = 14.8, P < 0.001]. The correlation between total PCS and maximum pain was also significant at 7 days, but not at 24 or 48 hours. However, data were missing for 18 subjects at day 7 due to inability to contact patients by phone on 3 separate occasions. The number of subjects in the correlational analyses reported above were as follows: 41 in PACU, 39 at 24 hours, 31 at 48 hours, and 30 at 7 days.
Unfortunately, pain prior to surgery was not assessed. As such, it is not possible to rule out with certainty the possibility that variations in postoperative pain could be accounted for by preoperative pain levels. Using analgesic use preoperatively as a proxy for preoperative pain, we found no evidence of an association between preoperative pain (ie, analgesic use) and presurgery catastrophizing score. Information on presurgical medication use was available for 36 patients (excluding pa- tients who received spinal analgesia). The incidence of analgesic use before surgery was 37% in patients with high PCS scores and 38% in patients with low PCS scores. Similarly, there was no significant difference of maximum pain scores in PACU between patients who had used analgesics versus those who had not in the week before surgery (maximum pain of 5.6 ± SD 2.7) versus 6.2 ± SD 1.3) in patients with or without presurgery analgesic use, respectively. The relationship between catastrophizing and maximum pain in the PACU remained significant even after controlling for presurgery analgesic use (r = 0.51, P < 0.01).
Patients who had spinal anesthesia (n = 7) were excluded from analyses relating to pain in the first 24 hours of recovery because of a concern that residual effects of spinal anesthesia would obscure pain related to surgery. The duration of pain >3 was greater for patients having general anesthesia than after spinal anesthesia (37 minutes ± 4.3 for general anesthesia versus 2.1 ± 2.1 for spinal anesthesia, P = 0.002). There was no significant difference in PCS scores between patients electing to have general versus spinal anesthesia (PCS of 13.8 ± 1.4 for general versus 12.4 ± 2.5 for spinal anesthesia).
The clinical relevance of the correlation of pain with PCS score is demonstrated graphically in Figure 1 , and in Table 4 . Patients were categorized as high or low catastrophizers based on whether they scored above or below the median (median = 13) of the distribution of PCS scores. Pain scores and analgesic use were compared between high and low catastrophizers. The maximum pain rating for high catastrophizers was 33% greater in PACU and 38% greater at 24 hours, compared with pain ratings of low catastrophizers. Analgesic use was comparable in the two groups. Subsequently, at 48 hours and 7 days, pain ratings were similar between the two groups, but pain and analgesic use diminished overall, and the number of cases available for analysis declined. The PCS scores appeared to be most predictive of maximum pain scores immediately after surgery (before medication was given) and of incident pain in response to activity. Pain on walking in high catastrophizers was 116% greater than in low catastrophizers at 24 hours.
Correlations were computed between catastrophizing and analgesic consumption while in the hospital and during the recovery period at home. There was no significant association between total PCS and equivalent analgesic doses of opioids alone, NSAIDs alone, or combined for any of the time periods studied ( Table 5 ).
Relations Among Catastrophizing, Pain, and Satisfaction With Pain Control
Patients were asked to rate their satisfaction with pain control and the overall quality of their recovery. Table 6 shows the correlation of satisfaction with pain control, medication use, and catastrophizing. The duration of time in the PACU that pain ratings remained above 3/10 and PACU pain intensity ratings were significantly correlated with patients' satisfaction with pain control in the hospital and with their evaluation of the overall quality of recovery. Pain ratings made at 24 hours, 48 hours, and 7 days postsurgery were also associated with reduced satisfaction with pain control at home and with overall recovery. Only the magnification subscale of the PCS was significantly related to satisfaction ratings. Patients who obtained high scores on the magnification subscale reported less satisfaction with pain control at home (r = −0.48, P < 0.01) and with overall recovery, r = −0.37, P < 0.05. This relationship, however, was no longer significant when mean pain ratings were statistically controlled (r = −0. 10, P not significant). 
DISCUSSION
The primary objective of this study was to address whether catastrophizing, assessed prior to a surgical procedure, afforded prediction of pain symptoms in the initial postoperative period. Overall, maximum pain scores were in the moderate range (4-7/10), consistent with previous research on pain associated with ACL repair. 26 In line with predictions, presurgical PCS scores were significant predictors of maximum pain scores in PACU and duration of time in the PACU when pain exceeded 3/10. In clinically meaningful terms, the maximum pain score in patients with high PCS scores (above the median) was 33% greater in PACU and 38% greater at 24 hours compared with pain scores in patients with low PCS scores (below the median). Pain scores reported at rest (following discharge) did not differ between high and low PCS groups. However, pain with activity (walking) was 116% greater at 24 hours in patients with high PCS scores. The latter observation suggests a potential relationship may exist between PCS score and a patient's ability to perform rehabilitation maneuvers. 1.0 (0.5) 1.8 (0.7) NS *The study sample has been dichotomized using the median PCS (13) score to define high and low PCS groups. Patient demographic characteristics, pain scores, and opioid use are compared in the two groups to demonstrate the potential clinical relevance of the relationship between pain and PCS score.
NS, not significant.
Our findings suggest that it might be possible to identify patients in advance who are at risk for having more severe or prolonged pain in the postoperative recovery period. In such cases, consideration might be given to utilizing a variety of resources to ameliorate or prevent pain. Thus, nerve blocks, anti-inflammatories, N-methyl-D-aspartate (NMDA) inhibitors, and/or ␣-2 agonists might be employed in an attempt to diminish pain and possibly prevent peripheral or central sensitization to noxious stimuli. 27 Consideration might also be given to extended observation (overnight stay for outpatients) and use of intravenous opioids by patient-controlled analgesia (PCA). Alternatively, psychologic techniques aimed at de-creasing catastrophic thinking might be employed in an effort to diminish severity of pain after surgery. The effectiveness of such modalities for treating postoperative pain in patients who are prone to catastrophizing is as yet unknown and worthy of further investigation.
One seemingly puzzling aspect of the data was that a prospective relationship between catastrophizing and pain was observed in the PACU and at 7 days postsurgery, but not at 24 or 48 hours postsurgery. A number of factors may account for the variability in the degree of association between catastrophizing and pain. One possibility may be cross-individual variability in the use of NSAID and opioid medication while at home. It is also possible that individual differences in activity level may have led to wide variability in experienced pain. In the first 2 days following surgery, pain symptoms were most severe and typically experienced primarily while moving. Conceivably, all patients may have engaged in only limited physical activity, possibly obscuring any relations between catastrophizing and pain. By 7 days, when most patients were more active, differences between catastrophizers and noncatastrophizers may have become more evident in response to increased activity.
Catastrophizing scores did not predict analgesic use even though there was a significant association between pain and analgesic use. This could be due to the multiplicity of drugs that were used to treat pain, which varied in strength, duration of action, and potential additive or synergistic effects, or due to the lack of standardized criteria for patients taking medication in response to pain. The ability of PCS to predict analgesic use might best be evaluated using a single analgesic of relatively short duration, administered to achieve a predefined level of comfort. It is also possible that the pain complaints of individuals who catastrophized may have been discounted by clinical staff prior to discharge. A positive relationship between catastrophizing and staff-administered analgesics has previously been reported by Jacobsen and Butler, 15 but their study design was not prospective. As such, reactive effects of heightened pain and analgesic prescription on catastrophic thinking could not be ruled out.
Of interest was the examination of how postsurgical pain and catastrophizing influenced patient satisfaction with pain control and overall recovery. Not surprisingly, pain ratings were significant determinants of patient satisfaction. Although the magnification subscale of the PCS did correlate with ratings of satisfaction for home pain control and overall recovery, this relationship was not independent of pain symptoms, suggesting that the heightened pain reports in catastrophizers are what contributed to a reduction in satisfaction. If this is the case, more prompt and aggressive measures to treat pain in patients who catastrophize might decrease postsurgical pain, as well as enhance satisfaction with pain control and recovery.
There are a number of limitations that caution against too liberal an interpretation of study findings. First, because of the relatively small sample size, it was not possible to explore various direct and indirect pathways through which catastrophizing might influence pain or analgesic use. There are also other psychologic factors such as anxiety and depression that may interact with catastrophizing in contributing to pain perception that were not explored. 28 An additional limitation is that pain prior to surgery was not assessed. As such, it is not possible to rule out with certainty the possibility that variations in postoperative pain could be accounted for by preoperative pain levels. When preoperative medication use was used as a proxy for preoperative pain, analyses revealed that the relation between PCS scores and postsurgical pain remained significant. As such, it appears that the relation between preoperative catastrophizing and postoperative pain is not explained by preoperative pain levels. However, it is important to note that preoperative medication use is only an approximate index of experienced pain. In future research, it will be necessary to determine whether the predictive relation between presurgical catastrophizing and postoperative pain is maintained while controlling for presurgical pain severity. Overall, the most novel aspect of the present research is that a relationship between catastrophizing and postoperative pain was demonstrated prospectively. In this study, the PCS seemed to relate best to maximum or incident pain in the period immediately following surgery. If replicated in future studies, then a case could be made for the inclusion of a measure of catastrophizing in the preoperative evaluation of patients prior to surgery. Identification of patients prone to catastrophizing in advance of surgery might serve as a basis for initiating preemptive therapy before operation (psychologic or pharmacologic), with the potential for reducing or eliminating excessive pain reportedly experienced by patients in this unduly sensitive group.
